The genus Fusarium is known to produce mycotoxins that cause fusariosis in plants, animals and humans. Mycotoxins are among the virulence factors of this genus. Metabolic extracts of Fusarium oxysporum, isolated from a patient with onychomycosis and sterilized by filtration or autoclave, were inoculated intradermally into Wistar rats at concentrations of 0.25, 0.5 and 1 μg/μL, and the effects on their tegument were observed at 24 and 72 hours. After histological procedures and staining by hematoxylineosin, the sections were studied for their inflammatory-reaction intensity and for evidence of injury and tissue distortion. Inflammatory reactions in the dermis and the subcutaneous tissue were observed at all concentrations of the inoculated extract tested. There was a significant influx of neutrophils, mastocytes and lymphocytes, as well as a large quantity of macrophages. Apoptotic bodies and hyperemic blood vessels were observed. This reaction was directly related to the extract concentration, and was most intense in animals that received the 1 mg/µL dose. The maximum peak was observed at 24 hours. The autoclaved metabolic extract produced the same effects as the untreated one, indicating the presence of heat-resistant metabolites. In conclusion, the metabolic extracts obtained from sterilized culture filtrates of F. oxysporum are capable of inducing an inflammatory response within 24 hours in the dermis and subcutaneous tissue of rats.
INTRODUCTION
Species of Fusarium are responsible for serious contagious infections with high mortality rates, usually involving immunocompromised patients (1) (2) (3) . The tegumentary lesions caused by Fusarium tend to manifest as erythematous and nodular papules with central necrosis (4) . In immunocompetent individuals, the lesions tend to be localized and manifested as keratitis and onychomycosis, while maintaining a clinical pattern that suggests an inflammatory response (5) (6) (7) (8) (9) .
The unique susceptibility of each host is a determining factor in the establishment of infections by Fusarium, but it is also evident that this fungus possesses its own attributes that enable it to invade healthy tissues, provoking inflammatory reactions and allowing it to spread to other areas. Metabolites such as lytic enzymes and toxic substances, known as mycotoxins, are prominent among the virulence factors of members of this genus (6, (10) (11) (12) . Fusarium also produces phytotoxins, antibiotics and pigments (13) .
The known chemical and physical properties of some Fusarium metabolites include their solubility, polarity and thermal resistance (14) (15) (16) . The pathogenicity of the metabolites has been studied in plants, but little is known about their action mechanism in animal tissues (13) .
On the other hand, it is well known that the filtering process guarantees the absence of microorganisms in the sample. In a previous study we demonstrated that filtered Fusarium oxysporum extract induced an inflammatory response and programmed cell death in rat skin (17) . However, the effect of thermal sterilization on the biological activity of the extract is not known. Therefore, we studied the effects of metabolites produced by Fusarium oxysporum, isolated from human onychomycosis, on the tegument of rats, by comparing metabolic extracts sterilized by filtration and by autoclaving.
MATERIALS AND METHODS

Microorganisms and Culture Conditions
The Fusarium oxysporum fungus was previously isolated from a patient-carrier of onychomycosis in a dermatology clinic and sent to the Laboratory of Teaching and Research in Clinical Analyses (LEPAC) at the State University of Maringá, Paraná state, Brazil. The patient presented yellowish-white nails with proximal involvement, associated with periungual pain and inflammation (9) .
The metabolic extracts were obtained based on the protocol of Melo and Piccinin (18) . The fungus was transferred to Petri dishes containing potatodextrose agar (Difco, USA) culture medium. After incubation for seven days at 25°C, three disks of 5 mm diameter from these cultures were placed in 200 mL of previously sterilized liquid Czapek-Dox medium (0.5 g KCl, 1 g KH 2 PO 4, 2 g NaNO 3, 30 g saccharose, 0.01 g FeSO 4 , H 2 O, and 0.5 g MgSO 4 , 7 H 2 O per 1000 mL of distilled water), pH adjusted to 5.5. The cultures were kept in an incubator at 25°C under orbital shaking at 70 rpm for 15 days.
After this period, the cultures were filtered twice in Whatman n. 1 paper, using a vacuum pump, thus obtaining the fungal filtrate. The filtrate was divided into two portions; one sterilized by filtration in a Millipore filter (Bedford, USA) and the other sterilized by heat (autoclaved at 120°C for 20 minutes). Both were dialyzed against distilled water for 48 hours, lyophilized and stored at 4°C until use.
In Vivo Inoculation
All the experiments involving animals were approved by the Ethics Committee for Animal Experimentation of the State University of Maringá.
Fourteen Wistar rats (Rattus norvegicus) weighing 170 to 180 g each were used. The animals were kept in individual cages in a temperature-controlled environment of 22 ± 2°C and 50% humidity, with a 12-hour light/dark cycle and free access to water and food, for the entire experimental period.
The animals were anesthetized with thiopental (40 mg/kg) and the fur was manually removed from the cervical region of the back, where 100 µL of the extract, at different concentrations, was intradermally administered. The rats were divided into two groups: Group 1 received the extract obtained by filtration in the Millipore membrane at concentrations of 0.25, 0.5 and 1 mg/ µL, whereas Group 2 received the extract obtained by autoclaving at the same concentrations. The animals were killed by an overdose of anesthetic at 24 or 72 hours. As a control for the tissue reaction, another group of animals was inoculated intradermally with 100 µL of 0.85% physiological solution and maintained under the same conditions. The animals were observed for clinical manifestations of inflammatory effects.
Histological Procedure
The skin samples were spread out on cardboard, fixed with 4% buffered formalin solution for 24 hours and processed for embedding in paraffin. After being cut with a microtome, the semi-serial 5-mm sections were stained by the hematoxylineosin (HE) technique.
Microscopic Analysis
The skin segments were analyzed, in an Olympus BX41 (Tokyo, Japan) optical microscope, for the morphology of the inflammatory infiltrate and for evidence of tissue injury and distortion.
RESULTS
In the clinical evaluation, no skin alterations were observed among rats inoculated with the F. oxysporum extracts. However, in the histopathological examination, alterations were evident at 24 hours.
In the control group (Figure 1 -A) , no histopathological changes with regard to the type or number of cells were found.
At 24 hours, the animals of Group 2 (Figure1 -B) showed a less intense inflammatory reaction profile. The reaction was directly proportional to the extract concentration, with a predominance of macrophages, followed by lymphocytes, in all the sections analyzed. An inflammatory reaction in the dermis and subcutaneous tissue of the animals from Group 1 was also observed ( Figure  1 -C) . The presence of apoptotic bodies and cellular fragments was also widely noted, both in the dermis and in the subcutaneous tissue of Group 2 animals (Figure 1 -D) .
The reaction was more intense in the animals that received 0.5 or 1 µg/µL concentrations of the extract, compared to those that received the 0.25 mg/µL dose. The majority of the histological sections analyzed, at all the extract concentrations, presented mastocytes, lymphocytes, neutrophils and numerous macrophages. In addition to the presence of hyperemic blood vessels, large quantities of cellular fragments and apoptotic bodies were found.
After 72 hours, no further significant alterations were observed in either of the groups.
DISCUSSION
The results of the study revealed that metabolic extracts of F. oxysporum intradermally inoculated into the skin of rats are capable of provoking an acute tissue response in both the dermis and the subcutaneous tissue. Figure 1 shows the presence of inflammatory infiltrate (Figure 1 -B and C) and apoptotic bodies (Figure 1 -D) in rat tegument. This potential inflammation is probably attributable to the presence of soluble extracellular substances that were excreted into the culture medium. This same type of extract, obtained from cultures of F. oxysporum in the plant studies of Melo and Piccinin (18) , provoked reactions that produced withering in cucumber cells and plantlets, and cell death. Another study evaluating the effects of filtrates from different fungal species on the eclosion, motility and mortality of phytonematodes demonstrated that the F. oxysporum filtrate showed greater toxic activity than the filtrates obtained from other species (19) .
The ability of F. oxysporum culture filtrates to induce biological effects would explain the inflammatory reaction observed in all patients who develop Fusarium-induced onychomycosis, which is not observed with other fungi, such as dermatophytes (9) . This study, with a clinical isolate taken from a case of human onychomycosis, confirms the potential of this species to cause diseases in both plant and animal tissue (20) . Several investigators have described a marked inflammatory reaction characterized by a necrotic aspect and accompanied by pain, in various human infections caused by Fusarium (6, (21) (22) (23) .
The observed reactions cannot be attributed to the presence of the fungus, as the extracts were previously sterilized by filtration or by autoclaving. This suggests that soluble toxic metabolites are present in the extract.
Another important finding was that the autoclaved metabolic extract produced the same effects on rat tegument as the unheated extract, indicating the thermostable nature of these metabolites. Thermostability has been observed in many host-specific and non-host-specific toxins (15, 16) .
The two F. oxysporum extracts induced the same type of reaction in rat tegument, albeit with a small quantitative reduction in dermatopathological alterations among the animals inoculated with the autoclaved extract. This suggests that some substances may be partially inactivated during heating. Nevertheless, at least some of the toxic components are preserved and remain active and capable of inducing an inflammatory response.
In both of the fungal extracts obtained by the two methods, the reaction intensity was dose-dependent. Twenty-four hours after inoculation, the response was proportional to the concentration of the extracts, being lowest at the concentration of 0.25 µg/µL and increasing proportionally in the animals that received 0.5 and 1 mg/µL.
At 72 hours, the animals were able to control the action of both of the extracts. It is probable that the tissue response is associated with the virulence mechanism of Fusarium; however, the determination of the chemical nature and action mechanism of these fungal metabolites will depend on studies at the biochemical level. Such studies would enable a determination as to whether the observed effect is due to a single component or to an association and interaction of various substances.
There is a consensus that fungi, during their development in the host tissues or in culture media, may produce a variety of toxic secondary metabolites with varied biochemical structures and different action modes, including polypeptides, glycoproteins, amino acid derivatives, polyketides, terpenoids, sterols and quinines (24) . The Czapeck-dox liquid medium, which is chemically defined, was suitable for stimulating the production of this type of metabolite produced by Fusarium, in accordance with reports by other investigators (18) (19) (20) (21) (22) (23) (24) (25) .
The extensive production of toxic metabolites in culture depends on each fungal isolate. Fungus producers of colored pigments in liquid cultures were more efficient at producing filtrates from biologically active cultures than those that did not produce color, suggesting that these pigments may be involved in the toxigenic action (24) .
However, in the present experiment, pigment production was not important, as it was observed that a single fungal isolate, developed in aliquots of the same lot of Czapeck-dox medium and incubated for the same length of time, produced a pink color in some flasks but no pigmentation in others. When they were applied separately to the animals, the contents of all the flasks induced indistinguishable reactions (data not shown).
In may be concluded that the metabolic extracts obtained from sterilized culture filtrates of F. oxysporum are capable of inducing an inflammatory response within 24 hours in the dermis and subcutaneous tissue of rats. Seemingly, this effect would explain the pain and inflammatory reaction reported in lesions in humans. Furthermore, the toxic action observed was dose-dependent and attributable to a thermoresistant component. More detailed studies are required and should be developed with the objective of elucidating the chemical nature of the component or components involved in the inflammatory response, as well as aiming to understand and propose the action mechanism of these fungal metabolites.
